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PERCEIVED ORIENTATION OF A RUNWAY MODEL IN IIONPILOTS
DURING SIMULATED MIGHT APPROACHES TO LANDING

I. Introduction.

Visual illusions due to reduction of available vIsual information at
night have long been bla med for the dangerous tendency of pilots to f ly  too
low during ni ght landing approaches (1,10,12,13,16 ,17 ,18,20,21). StudIes
of aircraf t acc idents emphas ize the importance of this problem w ith the
f ind ing of a high pro port ion of accidents in ni ght approaches and landings
tha t ar e not associated with adverse weather cond it ions (13 ,16).

One of the v isual cues mos t frequently suggested as cont rib uting to
visual judgments of glide slope , or angle approach , is relative motion
parallax. This cue has not previously received parametric study in the
contex t of the ni ght approach problem. Relative motion parallax is defined
as a di ff erence in ra te of apparen t movement of objects in the visual field
(5). In approaches to landing, all objects in the image of the ground
plane appear to move direct ly away from the aim poi n t in a comple x patter n
of apparent velocities , which is a function of glide slope angle and approach
speed (7) .

Threshold values of relative motion parallax for perception of depth
between two objects have been found to be about 1 minute of arc per second
of time (9,11). The threshold value increases with separation of objects
up to the limiting case of the absolute threshold for motion of a sing le
object in an otherwise homogeneous visual field. The absolute threshold
for motion has been found to be about 10 seconds of arc per second (3,9).
Altho ugh equivalent thresholds for effectiveness of relative motion parallax
in percept ion of slant have not been determined , several studies suggest that
motion parallax can enhance the perception of slant or shape of a surface
when cther cues to orientation or shape are present (2,L~,19).

The present experiment was conducted to examine the effect of varying
levels of relative motion parallax from both radial and vertical motion on
perception of the orientation of a runway model with respect to the
horizontal ground plane.

II. Method.

Subjects. Sixteen paid volunteer male nonpilots between 18 and 29 years
of age served as si’bjects. All had at least 20/20 acuIty in the right eye

The author wishes to thank A. Howard Hasbrook and Professor Walter C.
Gogel for valuable discussions during the preparation of this paper.
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as measured w ith the Bausch and Lomb Or t l io rate r .  A l l  experimenta l judgments
were monocular (right eye) in this exper iment.

Apparatus. A scale model was used to s imu late the nightt ime view of
the lighting of a 170-ft by 6 ,000-ft runway w i t h  cen terline arid touchdow n
zone lights and a 3 ,000-ft-long ALS F-~ approach light system without
sequenced strobe lights.  This apparatus is described in the A ppendix. The
runway moved directly toward the subject ’ s observation point from a position
3 below the straight-ahead direction in the field of view . The lights of
the model were visible over a range of simulated distances from 4.3 to 1.3
nautical miles. Slant of the model was varied by rotation in the vertical
plane . Only the simulated runway and approach lighting were visible in the
sce ne , and their intensity was adjusted by experienced pilots to a
subjectively realistic level. Viewing was monocular , with the right eye ,
to eliminate binocular disparity , which is riot an effecti~ . cue during
approaches to landing (18).

Procedure. The model was constantl y rotating in the vertical plane as
it approached the subject during experimental trials. The subject ’s tas k
was to control the direction of rotation to make the model appear horizontal
by reversing the direction of rotation with a switch every time the model
appeared to be rotating away from the horizontal orientation . The
independent variables were simulated approach speed , which was062 o~ 

l25~knots
6 and rate of rotation in the vertical plane , which was 5 , 10 , 20

or 30 per minute. After practice , all rotation rates were presented twice
in random order at one approach speed before trials at the other speed were
given. The order of presentation of the two approach-speed conditions was
reversed for hal f the subjects.

III. Results.

The adjusted slant of the model with respect to the approach path ,
angle 0 (as defined in the Appendix ) was t h e  dependent variable and was
measured continuously as •~ function of distance over the range of simulated
distances from 4.33 to 1.33 nautical miles from threshold. The model was
visible only in this distance range . The mean generated approach angle was
obtained for the two 1-nautical-mile segments of each approach between
simulated distances of 3.33 and 1.33 nautical miles . The mean values were
subtract ed fro m 30 to obtain an error score for this segment. Scores were
averaged over the two repetitions of a given combination of rotation rate
and approach speed . A response of 30 would have indicated 0accurate percep-tion . All generated approach angles were much less than 3

The mean generated approach angle for individual subjects ranged from
1.00 to 0.2 wit~ a standard deviation of 0.25°. The gra8d mean for all
subjects was 0.5 . This value represents an error of 2.5 . Analyses of
var iance revealed that generated-approach-ang le errors decreased by a
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Figure 1. The effect  of rotation rate on generated glide slope errors .

small statisticall y signific~rit (
~ 

< .01) amount , about 0. 14°, as rotation
rate increased from 5 to 30 per minute , as show n in Figure 1. Approach
speed had no significant effect on genera~ed approach angle. Errors
averaged over dli subjects were only 0.02 hi gher at the 62-knot speed than
at the 125-knot approach speed. There was , however, a significant (

~ < .05)
second order interaction of approach speed with rotation rate and order of
presentation of approach speeds . Figure 2 shows the interaction of approach
speed with order at each of the four rotation rates. This interaction is
due to generally greater errors among those subjects receiving the 125—knot
speed first and a consistent increase in the magnitude of errors over the
course of experimental trials in both order groups .

The difference between the highes t and lowest generated-approach-angle
values in each 1-nautical-mile segment was also measured for every trial.
Th ese ra nge data are prese nted as a measur e of the in trasubject var iabil ity
of responses. Response variability was slightl y but significantly (

~ < .01)
greater In the far th er distance segmen t , as shown in Figure 3a. The effect
of rotation rate on response variability , as shown in F igure 3b , was
significan t (

~ < .01) and was about twice as great as the effect of rotation
rate on the mean generat~ed approach angle. A significant (

~ °. .05) but
small interact ion of order by approach speed is shown in Figure 3c. This
interaction indicates that variability decreased in the second half of the
experiment.
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The above-mentioned effects , although statisticall y significant , were
small relat ive to individual differences and , with the exception of the
effect of rotation rate on response variability , were of the same order of
magnitude as the error of measurement inherent in responses , about 0.10.

l\~. Discussion.

The present findings show that relative motion parallax has little
effect on the  perception of the orientation of the runway model by noripilots
at simulated distances as near as 1.33 nautical miles from runway threshold.
The sli ght but statistically significant decrease in errors with increasing
rotation rate might indicate a small effect of motion parallax that was due
to motion in the vertical plane. It is also possible , how ever , that this
small effect was caused by the increase in variability of responses with
rotation rate. Regardless of the cause, the magnitude of the effect of’
rotation rate is probably not of practical significance . The conclusion
that relative motion parallax is not an effective cue in this situation is
subject to the following qualifications : (i) the possibility exists that
the visual experience of pilots in actual approaches , where feedb ack does
occur , may enhance sensitivity to relative motion parallax ; (ii) in actual
approaches , the image of the runway appears inside a visual frame provided
by the visible parts of the cockpit window , and relative motions in the
visual field between the runway image and frame may enhance the relative
motion parallax cue. These two possibilities are presently being examined .
Preliminary analyses suggest that flying experience and presence of a frame
do not make relative motion parallax more effective . A third possibility
that should receive attention is that values of relative motion parallax
higher than those achieved in the present experiment mi gh t be more effective .
Higher values would occur at distances of less than 1.33 nautical miles from
threshold or with the presence of extra lights in the nightt ime scene outside
the runway .

The most important finding of the present experiment was that all
observers in every stimulus condition consistently, systematically, and
grossly misperceived the physical orientation of the runway model. Wulfeck ,
Queen, and Kitz (21) studied judgments of the horizontal orientation of an
aircraft-carrier-deck lighting system that rotated in the vert ical p lane but
did not move radially. The perceptual errors observed in their study were in
the same direction as those of the present experimen t but of lesser magnitude,
since their subjects used binocular vision . As mentioned above , monocular
v ision was used in the present exper iment because it is not normally effec-
tive in the approach—to—landing situation . The illusions observed in the
present experiment occurred despite the presence of size cues and linear
perspective in the runway image and a range of relative motion parallax
values that is equivalent to or greater than that occurring naturally in
landing approaches where only runway lights are visible. 3udgments of this
experiment concerned the geographical slant of the runway as distinguished
from optical slant (6). OptIcal slant is defined as the slant of a surface

S
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relative to the line-of-si ght to the surface ; geographical slant is defined
as slant of a surface relative to gra~ ity . the perception of geographical
slant involves both perception of optical slant and perception of angular
position (or height) in the visu al field relative to the straight-ahead
direction .

Perceptual errors found in thy present  experiment are interpreted as
indicatin g that the generated approach angles (i.e., optical slants of the
runway when it was seen as horizontal) were perceptuall y overestimated and!
or the direction of the model in the visual field was misperceived . Down-
ward displacement of the judged direction of the horizon or corresponding

rs in judged position of objects in a dark visual field is well

~ented (15). Overestimation of optical slant of the runway might occur
insequence of a perceptual organizing process called the equidistance
-y (8) .  The equidistance tendency has been shown to make objects

~ar at the same distance to the extent that ef fect ive visual cues
indicating a difference in distance are absent. Cogel (8) has cited
several examples of reduction in apparent slant of stimuli with respect to
a vertical reference plane as a function of cue reduction . Such effects are
in the same direction as overestimation of slant with respect to a
horizontal reference plane. Future research should measure the perceived
direction of the runway relative to the apparent direction of the horizon
and apparent magnitude of the generated approach angle in order to discrim-
inate between overestimation of approach angle due to the equidistance
tendency and errors due to misjudgment of visual direction . The role of a
visible horizon should also be studied systematically in this context.

The present findings suggest that visual perception of the approach
angle may be inaccurate during night approaches when only runway lights are
visible. Pilots obviously can and usually do successf ully correc t for these
errors because most night VFR approaches are performed safely . We should
continue to study the method by which this correction occurs in order to
understand why this cr it ical process occas ionally but tragically fails. The
ineffectiveness of relative motion parallax as a cue when only runway lights
are visible may be an important part of this problem.
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API’I tll)l\

Descri pt ion of Apparatus

The basic conc ept of t he  apparatus was a moving runway mode l of
variable slant as suggested by Hochherg and Smith ( 14 ) .  Added to the i r
concept was a tec hnique for modeling night runway li ghting and an optical
s~ stem for va ry ing  posi t ion of the model in the visual f ield , 1)0th of which
were developed by the author. A techni que for 7recise control and measure-
ment of model slant , developed by Wulfeck , Que~’n , ani Kitz (21), was also
adapted for this apparatus .

Runway Model. The runway model was based on a 243. 5-cm-long b~
15.2-cm—wide lig ht box .  Its removable Formica top was penetrated by short.
fiber optic strands to simulate runway lights . The fiber optic strands
were 0.508 mm in diameter , 6 mm in length , and cut off with a 45 ang le on
one end. The angled surface of each fiber was adjusted to protrude just
above the Formica surface and to point toward the direction of the
observation position . Red and green simulated lights were produced h~
gluing transparent p lastic over the appropriate fibers on the underside of
the li ght box top . The top surface of the lig ht box was painted flat black.
The sources were two parallel 243 .54-cm instant-start fluorescent tubes
(General Electric F96T1? - CWX , Deluxe Cool White) mounted 2.54 cm below
the top of the light box and separated from each other by 2.54 cm laterall y.
One side of each fluorescent tube was covered with tape and painted black
to make it opaque . As the tubes were mounted with a sing le pin on each end ,
they could be rotated to expose varying amounts of the unpainted sides to
vary the amount of light reaching the fiber optic strands and , hence , the
bri ghtness of the simulated runway and approach lights. The brightness of
lights was adjusted by experienced pilots to appear realistic. In the
prototype model , fibers were glued in holes drilled in the pattern of a
runway 6 ,000 f t  (1828.8 m) long by ‘~7O ft (51.8 m) wide with centerline and
touchdow n zone li ghting and an ALSF-2 approach light system 3,000 ft
(914.4 m) long. The model scale was 1,200 to 1.

Vertical Motion System. The runway model was mounted on a cart , C in
Figure A -I , so that a transverse horizontal axis of rotation F , which was
perpendicular to the longitudinal axis of the runway , passed ~hrough the
p lane of the simulated runway . The model could be rotated 20 from a
physically horizontal orientation in either

0
direction but was limited to

rotation from the horizontal position to 20 toward the observation point
when viewing involved the mirror system to be described below . The rotation
of the model was con trolled by a chain-drive mechanism. The chain was
connected to both ends 0f the light box and was driven at a constant rate
by a Boston Cear Works 1/12-h p ratiomotor and model R12 speed control that
gave almost instant starting and stopping. Rates of rotation in the
vertical plane of from 0 to more than 30 per minute could be produced.

9
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Figure A-l. Schematic diagram of dpparatus .

Guide sprockets for the chain were located directly below the ends of the
li ght box to prevent bouncing of the light box when the direction of
rotat ion was reversed at high-rotation rdtes. A center-tapped Beckman model
SA2SSO 10-turn potentiometer with 0 to 20,000 ohms of resistance and 0.05
percent linearity was mounted on the same shaft as the sprocket that drove
the chain. This potentiometer was used in conjunction with a regulated power
supply to give a remote indication of model slant as a f unction of time as
the model moved toward the observation position at a constant rate. Both
a digital voltmeter and a reco rder could be used to indicate model slant to
the nearest 0.10. A dial indicator and vernier graduated in 0.10 units
(PlC Design Corp., catalog number AX4) was mounted on the shaft on which
the model rotated. This instrument was used in conjunction with a
machinist’ s level for calibration of electrica l slant indicators .

Radial Motion System. The runway model with its rotation system was
mounted on a cart that moved along a level track T toward the observation
pos ition. A chain driven by a Graham variable speed transmission, model KFS ,
w i t h  a 1/k—h p motor pulled the cart along at a constant scale speed that was
adjustable (e.g., 0 to 250 knots for the 1,200 to 1 scale model described
above). The cart rode on ball-bearing wheels on a graduated two-rail
Gaertner Scientific Co. optical bench track 8.0 meters long. This allowed
the 1,200 to 1 scale model to move over a range of simu lated distances from
approximately 4.33 nautical miles to 1.33 nautical miles . Larger models
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could be used to simulate nearer distances . A third rail located 0.9 meters
to t h e side w..s used w i t h  an outri gger on the cart to give lateral stability
during radial motion of the cart. Microswitches were placed along the track
to turn the model lig hts on and off at the appropriate points in order to
make the model visible or remove it from view . A solid-state logic system
was used in conjunct ion with various microswitches on the track and the
rotation system to control l i g hts , radial motion , and rotation of the model
during experime nts.

Optical System. To have the axis of rotation of the model (F in
Figure 1) move radiall y along an apparent line-of-sight Q at a constant
selectable ang le ~ with respect to a horizontal line-of-sight H, an optical
system consist~ rig of mirrors Ml and M2 was constructed. Mirror Ml was
oriented at 45 with respect to the horizontal axis of radial motion of the
model. Mirror h-I? could be varied systematically in height and slant with
respect to Ml by a simple system of removable pegs in the wall of the mirror
holder so that the segment of the optical axis P1 could be reflected to the
eye at a number of discrete viewing angles 6 measured with respect to H
while maintaining coincidence of P3 and the axis of radial motion of the
model. For this alignment , sighting targets Tl and T? were temporarily
installed at end points on the track at the exact height of the radial
motion axis to allow fine adjustments of mirrors . With targets Tl and T2
ali gned visuall y from the observation point 0, the value of ~ was checked
with a theodolite. Fine adjustments of mirrors were made with shims . when
the model was phys icall y horizontal , it was parallel to the line of sight
and was visible onl y as a thin horizontal line. When the model was moving
toward the observation point and slanted physicall y 3

0 toward the observation
position with its near end down (6 was 3 ), the apparatus produced an image
igentical to that of viewing a physically leve l runway during a constant
3 approach to landing. Simulated runway size and distance were related
to the corresponding physical measurements of the apparatus by the scale
fac t o r  of the model. The angle of the model’ s surface with respect to the
observer ’s line-of -sig ht and the angular position of the model in the visual
field were ident ical to the corresponding angles in the simulated scene.
I quations for determining motion parallax between components of the scene
.irv gi v e n by Cibson , 0 m m , and Roserthlatt (7) and Hochberg and Smith (14).

The ohserv.ih ion  position was an enclosed ventilated booth . A head and
chin re5t was used to stead y tit e subject ’s head in front of the viewing
aperture Ui. ‘~ iewing was m o n ocular to el iminate binocular disparity, which
I’. not an e f fec t  lye cm during approaches to landing (18). Baffle B? was
used for contro l of ext ra neous li ght. A pushbutton or toggle switch was
used by the subject for contro l of mode l rotation during experimental trials.
A manual shutter operated by t he  e ’ pe r ime nte~r was used to occlude the
viewing aperture when desired.

Three Importan t advant.iqes of this visual simulation technique are
(1) ( ‘ )~cel  lent. optical resolution , ( i i)  the preservation of the natural
relation of distance to apparent brig htness of light sources that are
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ef fect ive l y point sources (i.e., the y subtend less than 1.25 minute of arc

at the eye), and (iii) the abilit y to vary visual direction of the radial
motion axis without a comp lex computer for synch ronizing simulated attitude

and d istance changes. These character ist ics are essential for a disp lay

intended for study of size cues (including relativ e size and linear
perspective ), relative motion paralla x , and brig htness gradient as cues
to space perception in the night approach situat ion. In addition to study

of these cues, this apparatus can also be used for studying of the effect

of traini ng on the judged orientation of the model and on the  memory
processes involved in these jud gments . The apparatus described above is

thought to be a useful device for study of space perception in general and

may be used for study of judgments of attitude , distance , and runway

characteristics as well as perception of runway slant and approach ang le.
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